Our objectives were to describe the obstetric complications of women who delivered an extremely low-birth-weight infant by comparing two consecutive 5-year periods and infants appropriate for gestational age (AGA) versus infants small for gestational age (SGA). This descriptive study included women (n ¼ 261) who delivered an infant 750 g (major structural and chromosomal anomalies excluded) between 1996 and 2000 (cohort I, n ¼ 145) and 2001 to 2005 (cohort II, n ¼ 116) in the University Hospital Utrecht, the Netherlands. Of these, 84.3% of the multigravidas (n ¼ 121) had a complicated obstetric history: 46.3% miscarriage(s), 22.3% preterm deliveries, and 16.5% hypertensive disorders. In the index pregnancies (n ¼ 261), the most prevalent complications were hypertensive disorders (52.1%, p ¼ 0.002; more in cohort II) and SGA (p ¼ 0.007), fetal distress (39.5%), and intrauterine growth restriction (32.6%) resulting in a caesarean section in 47.9% and a spontaneous vaginal delivery in 19.2%. Intrauterine deaths occurred in 35.2%, merely due to placental insufficiency (59.8%) and termination of pregnancy because of deteriorating hypertensive disorders (23.9%). A high percentage of parous mothers had a seriously complicated obstetric history. The index pregnancy was largely complicated by hypertensive disorders. The majority of infants with a birth weight 750 g were growth-restricted due to placental insufficiency. Follow-up is extremely important to evaluate neonatal morbidity and neurodevelopmental outcome.
birth weight and preterm delivery. It is well known that gestational hypertension and preeclampsia, especially when occurring in early pregnancy, are strongly associated with placental insufficiency, fetal growth restriction, and low birth weight. Data on recurrence rate of gestational hypertension and preeclampsia in a subsequent pregnancy are also well established. [6] [7] [8] [9] [10] Early spontaneous preterm delivery (<32 weeks) occurs in $1% of singleton pregnancies. 11 Preterm labor is associated with multiple gestation, hypertensive disorders, antepartum hemorrhage, preterm premature rupture of membranes, and intrauterine infection, but according to Slattery et al, idiopathic preterm labor was shown to be the principle causative factor in 43% of all preterm deliveries. 12 The incidence of early preterm delivery in multiple pregnancies is higher and depends on the number of fetuses. In the Netherlands, $15% of the women with a multiple pregnancy deliver before 34 weeks of gestation. 13 The rates of preterm delivery in the Unites States were 57.4% for twins and 92% for triplets as compared with 10.4% for singletons.
14 So there are several obstetric complications that can result in either low birth weight or (extremely) preterm birth. [11] [12] [13] [14] However, to the best of our knowledge, there are no data on the obstetric history and obstetric complications of a cohort of women delivering ELBW infants.
So when starting our descriptive retrospective study on infants with a birth weight 750 g, the objectives were plural. This part of the study describes the maternal population with the emphasis on obstetric history and obstetric complications in the index pregnancy. Possible differences between the data of the two consecutive 5-year periods are assessed, as well as the differences between infants who are appropriate for gestational age (AGA) and infants who are small for gestational age (SGA).
MATERIAL AND METHODS

Subjects
All neonates with a birth weight of 750 g or less and a gestational age (GA) of at least 24 completed weeks, born in 1996 through 2000 (cohort I, n ¼ 151) and 2001 through to 2005 (cohort II, n ¼ 121) in the Wilhelmina Children's Hospital (tertiary referral center) in the Netherlands, were eligible for this study. Neonates born at 24 completed weeks or more but who died in utero before 24 completed weeks were excluded. Infants born with major structural anomalies or chromosomal abnormalities were excluded.
In cohort I, a total of 8588 deliveries had taken place in the Wilhelmina Children's Hospital, and in cohort II, the total number of deliveries was 9262. The percentage of infants with a birth weight 750 g comprised 1.8% of the total births in 1996 to 2005; for cohort II; this was 1.3%.
Two hundred seventy-two infants were in accordance with our inclusion and exclusion criteria. However, these infants consisted of 210 singletons born of 206 different mothers (in our 10-year study period, one mother delivered 4 singletons, and one delivered 2 singletons). A total of 62 infants were part of a multiple pregnancy: 56 belonged to a twin pregnancy, born of 50 different mothers (of six twin pregnancies, both children were included); and 6 belonged to a triplet pregnancy, born of 5 different mothers (2 children of the same triplet were included). In order not to calculate any important event twice, only the firstborn was included in the analysis. After this calculation, our final maternal population consisted of 261 different mothers (206 þ 50 þ 5; Fig. 1 ).
Data Collection and Definitions
All patients admitted to our University Medical Centre give consent for the use of patient data for scientific research in which their data are processed anonymously.
Maternal and neonatal data were collected by reviewing the medical charts and were entered in the data set. The maternal data comprised general medical history, obstetric history (miscarriage, defined as a nonvital intrauterine pregnancy diagnosed before a GA of 16 weeks; preterm delivery, defined as GA <32 weeks; hypertensive disorders; preexisting hypertension; gestational hypertension; preeclampsia; eclampsia; hemolytic anemia, elevated liver enzymes, and low platelet count [HELLP] syndrome; gestational hypertension, diagnosed if the following criteria were met: systolic blood pressure !140 mm Hg and/or diastolic blood pressure !90 mmHg from a GA of 20 weeks and onward in women with previously normal blood pressure). Preeclampsia was defined as a combination of gestational hypertension with proteinuria (!300 mg/24 hours). Eclampsia was defined as a combination of the preeclampsia criteria and the presence of seizures. 15 The diagnosis HELLP syndrome was made when the following laboratory abnormalities were present: aspartate aminotransferase >70 U/L, alanine aminotransferase >70 U/L, lactate dehydrogenase >600 U/L, platelet count <100 Â 10 9 /L, and evidence of hemolysis. 16 The presence of preexisting hypertension was recorded if the gestational hypertension criteria were met before a GA of 20 weeks.
Intrauterine growth restriction (IUGR; defined as birth weight <10th percentile), perinatal deaths, and placental abruption were diagnosed clinically and confirmed by the presence of an impression (and blood clot) on the maternal placental side. 17 Placenta previa was diagnosed by transvaginal ultrasonography in case the placenta was found to cover (completely or partially) the internal ostium of the cervix. 18 Gestational diabetes was defined as glucose intolerance with onset or first recognition during pregnancy. Gestational diabetes was diagnosed in case of a fasting glucose of >7.0 mmol/L or abnormal oral glucose tolerance test, 19 along with obstetric complications in the index pregnancy. These complications included extreme IUGR (defined as birth weight <2.3rd percentile); fetal distress (defined as cardiotocography abnormalities according to the International Federation of Gynecology and Obstetrics guidelines 20 ); intrauterine death; antepartum hemorrhage (placenta praevia, placental abruption, and vaginal bleeding with unknown cause in all trimesters); hypertensive disorders; thrombosis (either deep venous thrombosis [DVT] or pulmonary embolism [PE] ). DVT was defined as a partial or complete obliteration of a vein in the leg by a thrombus and was diagnosed by means of a Doppler examination. PE was defined as a partial or complete obliteration of a pulmonary artery by an embolus and was diagnosed by means of a spiral CT scan. 21 Complications also included gestational diabetes; twin-to-twin transfusion syndrome as defined by Quintero et al 22 ; preterm labor defined as spontaneous onset of contractions resulting in cervical dilation at a GA <32 weeks; preterm premature rupture of membrane (PPROM; before onset of labor and confirmed by a positive fern test); intrauterine infection (diagnosed on histopathology of the placenta); and cord prolapse. Medication used during pregnancy was recorded as well. The mode of delivery and the indication for cesarean section were recorded. GA was based on the last menstrual period and an ultrasound examination. In case of stillbirth, the GA at death was determined by postmortem investigations of our pathology department.
SGA infants were defined as a birth weight percentile <10th percentile. Birth weight percentiles were determined according to the data of the Perinatal Registry of the Netherlands. 23 
Statistical Analysis
To check for accuracy, the data entries were doublechecked. All analyses were performed by using SPSS version 15.0. Statistical comparisons for continuous variables were made with Mann-Whitney tests, and for comparisons of categorical variables, chi-square test was performed. Fisher exact test was used instead of chisquare test when frequencies were small, resulting in !25% of the expected values less than 5. A p value of <0.05 was considered to be statistically significant. Table 1 shows the characteristics of the total cohort (n ¼ 261, delivered between 1996 and 2005), cohort I (n ¼ 145, delivered in 1996 through to 2000), and cohort II (n ¼ 116, delivered in 2001 through to 2005), along with AGA infants (!10th percentile, n ¼ 95) and SGA infants (<10th percentile, n ¼ 166). The mean birth weight of the total cohort was 603 g (standard deviation 124 g) and the mean GA 27.6 weeks (standard deviation 2.6 weeks). No significant differences were noted between the two cohorts except for a significantly higher birth weight in cohort II (619 g versus 591 g in cohort I, p ¼ 0.017). There was no significant difference in the number of SGA infants born in the two consecutive 5-year study periods.
RESULTS
Characteristics of the Total Cohort
According to the definition, a significantly shorter GA was found in the AGA infants (26.3 weeks versus 28.3 weeks in SGA, p < 0.001) and a significantly lower birth weight was found for the SGA infants (555 g versus 689 g in AGA, p < 0.001). The majority of the SGA infants were male gender (50% versus 33.7% in AGA, p ¼ 0.014). Table 2 shows the obstetric history of the multigravidas (n ¼ 121). A complicated obstetric history was noted in 84.3% of the multigravidas; a previous miscarriage (one or two times) occurred in 38%, 22.3% had a history of a preterm delivery, hypertensive disorders had occurred in 16.5%, 15.7% previously delivered a child with IUGR, and in 14.0% of the multigravidas, an intrauterine death had occurred. Apart from a significantly higher prevalence of hypertensive disorders in cohort II (25.5% versus 10.0% in cohort I, p ¼ 0.023), there were no significant differences in obstetric history between the two cohorts. There were also no significant differences in the obstetric history of the multigravidas when comparing AGA and SGA infants. Table 3 shows the obstetric complications that occurred during the 261 pregnancies studied. The most prevalent complication was a hypertensive disorder in 136 (52.1%) women. In the majority of these cases, preeclampsia was present (72.8%) and HELLP syndrome developed in 53.7%; 85.3% of the women who experienced a hypertensive disorder during the pregnancy required treatment with antihypertensive medication. Presence of a hypertensive disorder was more common in cohort II (62.9% versus 43.4% in cohort I, p ¼ 0.002), as well as gestational hypertension (23.3% versus 9.5% in cohort I, p ¼ 0.040). HELLP syndrome developed significantly more often in cohort I (65.1% versus 43.8% in cohort II, p ¼ 0.016). As expected, hypertensive disorders were also more common in SGA infants (58.4% versus 41.1% in AGA, p ¼ 0.007). In the total cohort, fetal distress occurred in 39.5%, and an intrauterine death rate of 35.2% was found. A significantly higher prevalence of intrauterine deaths was found in SGA infants (44.0% versus 20% in AGA, p < 0.001). In the total cohort, extreme IUGR (birth weight <2.3rd percentile) occurred in 32.6%, and indeed only in SGA infants (51.2%). Spontaneous preterm labor (GA <32 weeks) occurred in 28% of the infants and was more common in AGA infants (50.5% versus 15.1% in SGA, p < 0.001). PPROM occurred in almost 16% of the total cohort and was also more common in AGA infants (30.5% versus 7.2% in SGA, p ¼ 0.001). An intrauterine infection was significantly more prevalent in AGA infants (14.7% versus 1.2% in SGA, p < 0.001).
Obstetric History of the Multigravidas
Obstetric Complications during Pregnancy
Multigravidas Total Cohort (n ¼ 121), n (%) Multigravidas Cohort I (n ¼ 70), n (%) Multigravidas Cohort II (n ¼ 51), n (%) Cohort I vs. II, p Value Multigravidas AGA (n ¼ 46), n (%) Multigravidas SGA (n ¼ 75), n (%) AGA
INTRAUTERINE DEATHS
In Table 4 the cause of the intrauterine deaths is shown. The majority of infants died due to placental insufficiency (59.8%), and a substantial part (23.9%) resulted from termination of pregnancy because of a severe and deteriorating maternal condition due to preexisting hypertension, gestational hypertension, (pre)eclampsia, or HELLP syndrome. No significant differences were noted between the causes of death in the two cohorts.
Comparison of AGA and SGA infants showed that significantly more SGA infants died due to normotensive placental insufficiency (30.1% versus 5.3% in AGA infants, p ¼ 0.035), and significantly more AGA infants due to an intrauterine infection (26.3% versus 1.4% in SGA infants, p ¼ 0.001). Table 5 shows the mode of delivery. Fifty (19.2%) infants were delivered by spontaneous vaginal delivery. These were preterm deliveries in which tocolysis failed or was discontinued because of the fetal condition or a suspected intrauterine infection. Induction of vaginal delivery occurred in the majority because of intrauterine death or due to severe maternal complications and doubtful viability of the fetus.
MODE OF DELIVERY
A caesarean section was performed in 47.9%. The majority of infants in which the fetal prognosis was judged to be worthwhile were delivered by caesarean section. A caesarean section was performed in 72.8% because of fetal distress and in 18.4% because of a deteriorating maternal condition due to preexisting hypertension, gestational hypertension, (pre)eclampsia, or Significantly more AGA infants were born after spontaneous vaginal delivery (70.7% versus 11.5% in SGA, p < 0.001), whereas induction because of intrauterine death occurred significantly more often occurred in SGA infants (61.5% versus 20.7% in AGA, p < 0.001). Also, significantly more SGA infants were born after induction because of a deteriorating maternal condition (26.9% versus 6.9% in AGA, p ¼ 0.003).
The majority of caesarean sections performed for AGA as well as SGA infants was because of fetal distress. Nevertheless, fetal distress was a significantly more common indication for caesarean section in SGA infants (79.5% versus 56.8% in AGA, p ¼ 0.015), whereas in AGA infants, a caesarean section was performed significantly more often for maternal indication (35.1% versus 11.4% in SGA, p ¼ 0.003).
SURVIVAL
Of the 261 pregnancies, 169 (64.8%) pregnancies resulted in the birth of a live infant. In Table 6 , the outcome of these infants is shown. Twenty-nine infants (17.2%) died in the delivery room, the majority because no intensive care was initiated in view of extreme prematurity. Thirtyfive infants (20.7%) died in the NICU, the majority after withdrawal of intensive care because of severe cardiorespiratory failure and cerebral lesions. One hundred five infants (62.1%) survived to discharge from the NICU, and none of them died after discharge. No significant differences in survival were noted between both cohorts and AGA and SGA infants (56.2% and 68.8%, p ¼ 0.113 and 57.9% and 65.6%, p ¼ 0.341, respectively).
24 Table 4 Intrauterine Deaths: Cause of Death 
DISCUSSION
Women who delivered an infant with a birth weight 750 g have a considerable prevalence of hypertension in their general medical history. The multigravidas of our maternal study population almost invariably had a complicated obstetric history, with a high prevalence of repeated miscarriages, preterm delivery, IUGR, intrauterine death, and hypertensive disorders such as preexisting hypertension, gestational hypertension, (pre)eclampsia, and HELLP syndrome ( Table 2 ).
The index pregnancy was largely characterized by complications of placental origin, mainly placental insufficiency accompanied by hypertensive disorders. This resulted in a high prevalence of IUGR; birth weight below the 10th percentile in 63.6% and below the 2.3rd percentile in 32.6% and an intrauterine death rate of over one-third. Most intrauterine deaths were SGA infants and resulted as expected from placental insufficiency. Possibly the higher prevalence of male infants in the SGA cohort may have influenced the number of intrauterine deaths. From other studies, it is known that female infants have a better chance of survival compared with their male peers. 25 Hypertensive disorders were seen in about half the cases (preeclampsia and HELLP syndrome were most commonly found), and a significantly higher prevalence of hypertensive disorders was found in cohort II and SGA infants. Vohr et al showed that increased maternal age is related to the occurrence of hypertensive disorders. 26 Hargood and Dukler reported an increased risk of preeclampsia in primigravidas. 9, 10 Because no significant differences in maternal age and the number of primigravidas between cohort I and II were found, the higher prevalence of hypertensive disorders in the obstetric history of women in cohort II appears to be predictive for the significantly higher percentage of hypertensive disorders in the index pregnancies in cohort II.
The significantly higher birth weight in cohort II could not be explained. According to the definition, a significantly higher birth weight and shorter GA was found in AGA infants.
The significantly higher presence of intrauterine infections in AGA infants can be explained from the higher prevalence of PPROM. It is well known that fetal growth restriction due to placental insufficiency may result in fetal distress. In our SGA infants, the high prevalence of extreme IUGR resulted in a significantly higher prevalence of fetal distress, an indication for caesarean section, compared with AGA infants.
The higher prevalence of caesarean sections for deteriorating maternal condition due to hypertensive disorders was unexpectedly noted in AGA infants. However, because the greater part of the SGA infants were delivered by caesarean section because of fetal distress, the higher prevalence of caesarean sections for maternal condition in AGA infants is explainable by the small remaining number of SGA infants for other indications.
Multiple pregnancies were overrepresented in cohorts I and II as well as in SGA and AGA infants; 21.1% of the infants with a birth weight 750 g were part of a twin or triplet pregnancy (Table 1) .
Due to a high prevalence of placental insufficiency, a substantial number of the infants were delivered by caesarean section (almost 50%), largely due to fetal distress and severe maternal morbidity. Infants with a birth weight 750 g born after spontaneous preterm birth occurred in a minority (almost 20%). Against this background, we can question whether the birth of an infant with a birth weight 750 g can be prevented. Most of our cases were associated with placental disorders, but this is not yet accessible to an effective therapy. Low dose of acetylsalicylic acid starting early in pregnancy in women with a history of preeclampsia and placental insufficiency has been shown to result in a minor reduction of this complication. 27 High doses of vitamin C and E at first seemed to reduce the incidence of preeclampsia as well, but a large, randomized, placebo-controlled trial showed no effect. 28 Women with HELLP syndrome experimentally treated with steroids also showed no beneficial effect on pregnancy outcome (maternal and perinatal mortality, major maternal and perinatal morbidity). 29 Biochemical markers combined with flow measurements of uterine arteries early in pregnancy may predict preeclampsia and placental insufficiency later in pregnancy, but as mentioned before, an effective therapy is as yet not available. 30 In women with a history of early preterm birth, prophylactic administration of progesterone significantly reduced the risk of delivery at less than 34 and 37 weeks of gestation according to a Cochrane review of Dodd et al. 31 In artificial reproduction, the increased risk of multiple pregnancies is well known; still, the aim is to keep the number of multiple pregnancies as low as possible. Furthermore, general measures such as cessation of smoking, alcohol and drugs are important to prevent IUGR. 32, 33 However, all these measures may only result in a minor reduction of infants with a birth weight 750 g.
In conclusion, a high percentage of parous mothers already had serious complications in their obstetric history. The index pregnancy of both parous and nulliparous women was largely complicated by hypertension, preeclampsia, and/or HELLP syndrome. The majority of the children born with a birth weight 750 g were growth restricted due to placental insufficiency caused by hypertensive disorders of their mother, resulting in a high percentage of cesarean sections. Only a minority of the children 750 g at birth were not growth restricted and were born after spontaneous vaginal delivery accompanied in about one third by PPROM. Of the 169 live-born ELBW infants, 62.1% survived; however, these infants remain very vulnerable, especially because the majority of these ELBW children were born not only extremely preterm but also growth restricted. This finding is of utmost importance for their follow-up, in which it is extremely important to evaluate neonatal morbidity and neurodevelopmental outcome. In future publications, followup at 2, 3.5, and 5 years of age of this cohort of ELBW infants will be reported. 24, 34 
